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Ahstracl. Th« bockcrOKt brMdinj; procedure bftjs httax t»ed widely to fransfcr jimply LDb<rit«d treib Into elite fftnotypej. 
Gtutiic Oiijrkcn nn uiOTasc die cfTectiYenessi of backcroAiing by 1) {acivAsIng tbc probability of obUinlns A ^HaUe 
coBfar^iDti, and 2) decrying tht. rdQc required to tdiktc an «cc«pteble recovery. Slixiaktio& and Bcid ircsdta indicated 
that, for a geoome consisting of km 200-cM chromosomes, basbig selection on 40 or 90 markm In 50 BC Indlvldnali; tfa^t 
carry thQ alL^W b^lng tra»f«rrtd can reduce the mimber of backcross gencratitma pced«d Ttont aboat sc^cn to thr«<. 



The b^^ross bn&eding procedure hcsit\ used wld«ly 
to tt^tufbr simply ItJbcnicd trvits ipto e^ite genotypes. 
Usually, the o^c bemg triMfciitd U con^lM by * 
sitLgle gene, but highly hentabk iraics that are more complexly 
inherited have also been bransf^ned siKce^sfilUy by baekcms- 
xng; for «xwiplis, maluhty in maize (lUnke And Sentz. 1961; 
Shaver, 1976). Today, baickcrossiiii: ia beinc nscd to traasfcr 
gecBs introduced by such technique^ >s ttnnifoni^tiQa or 
muuilon into appropriace e^nnpIasnL 

Several plant breeding bbjcthoolti give good descripcioru of 
the bftckcroas procedure (AUard* I960; Fchr. 1987). A donor 
parent (DP) carrying a trait of inieres t ii eroijed to the recuTrent 
pkf«int (B^), an cU£a ll>e lh4t U lackkl^ the 0?!;, The P, Is 
crossed back to the to produce the BC, genendon. In the 
BC^ and subseQueotbackCToas {CDOtanotis, selected individu- 
als cwrying gene haiivg tiansfefrwl are backciowed to Ac 
RP. The expected proportion of DP geaonie is red\iced by half 
with each ^netAtloT) of backcross Ing. Ignoring effocts of link- 
age 10 tha seaeoed 0? allele being branaferrtd, the portenta^ 
rcEurrcnt paroit (%RP) genome expected in each backcross 
genoradon ii caicutatad as: 

%RP*100[1-(0.5)"*'] 

where n is the number of backirrossfiA. 

BacfcxTOSsing of selected planl> to the RP can be repeated 
each cycle until a line is obtained thai is eisentially a venlon of 
(he RP that includas (he inCiogressed allele. After six back- 
crosacs, the cxpcetoi tctovery is >99* fTable I). 

Until recently, discussions of iha rK'overy of the RP i^cnamc 
during backcTOssing have emphasised the axpecied vatuct for 



^RJP shown in T«bla 1. and hive largely ignortsd (he genecic 
varianon foe %RP that e^sts around the cxpccicd mean, ^ith 
the development of genetic markers cap^le of pjoviding good 
ganome coverage, iSere has been interest in lAktng Mlvani&ge of 
thai variation to incrcaM the efficietcy of back&msiag< 

Selection for RP maiker alleles can increase er^tly tho 
effcclivenes5 of bactaross programs by allowing the breeder to 
1} seleet bAckcross plants that have a higher proportion of RP 
genome, and 2) select backcross Individuals that Ate becier 
convcTxions near ^ cnappcH donor allele being transferred 
select for loss linkage drag). Expressed in practical lesnns, using 
genetic m«rker« to assist bflckcrossing can \) increase the 
probability of obtaiaing a suitable conversion, and 2) decrease 
ihc time required lo schieve an aecaptable recovery. 

Issues to consider when plannlo^ a maiker-assislcd back- 
cross program include I) the dme advantage of using markers 
to assist backcrosslnf , 2) the number of markeni needed, and 3) 
the number of geuotypw to evaluate. In this report, wc use 
rcjults from previous lilerature, computer simulation, and em- 
pirical studi&s io provide some guidelines, 
T»blf L &ip«v«^ nfco^ery ofrtrurrtnt pardM (Mr) ggrutmA dtiring 
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>fatcriab and methods 

The malzo gcnoiDe was the modcil for the limuhlion The 
. simulated genome contained ten 20C'CM chr omoionies. Simy- 
intion of croisinj ovdr u-as based on a Poi^ion dUtribution wiih 
* mean of 2.0 (X - 2) (Hanson, 1959;, whJch, on flveraeo 
ysjienned one cro« over for ev^ 10Ck;M !cnitfi. TTie Simula- 
dons Ttponcd here Aiiumc no intcrftsrencfl. Codominant gm- 
' wik maHcCTS weft evenly dijtributcd in the genome $it« 
of the dor.or^cnft wet© randomly assigned to genome I ocaiions. 
Simulaiions were conthictcd with the fol]owlng parameter: 

Number of progeny: 100 or 500. 

Battrroi* gcncr^tionfi- BC^. "BCj. aud BC . 

Number of marker? 20. 40, 80, or 100. ' 

Number tclcrtad cp form the ntfxt BC generailon: 1 or 5. 

Selection based on 1 ) presence of *e doDor allele and 2) 
hi$h %RP). 95W wM caJculalcd u the avrrage of the {one or 
five) sclccred indi vidiiaJs, Values preser\tad are the mean of 50 
simulAlions, 

Result! 

In the computer simuUtion study, aU methods modeled 
, peaily increased the yp^gd of recovering the RP geaome 
. KJinpftrctl to ihc expected recovery wirfa no markcMsiistcd 
ejection (compare Tables t and 2). At leafit 80 markers wei* 
reqotred to reeovtar 99% of the RP fcnomc in just ihrcc BC 
lEucmtions CTftble 2). Use of it «0 fll^tfkers and 500 
proycny tllQ^ai recovery gf 98% RP in just two BC gcnera- 
rions. Rfcspoiuc to jelccdon waj dijniiiJshed only slichtly by 
JprcadiTig tffort over five sdectlons. Using markers, the 
number ofbiickcros 5 EcnmUons needed to convert an lAbred is 



f^uced from aboot seven ro ihj-ee. 

By the BC gCTieniion. ihcr« appears lo be no te^ricil 
^Jvanuge u> U5mg 500 vs. 100 ind|yidaals. If the prcS^^ of 
J« donor traK tn the backcro« imlivid;, asc.nTnS 

mdmduaJs indicated in the table* will need to apaJyi«I 

When 1 smaJI number of m^rkef, arc U4ed. they quicUy 
became non Wojmadve: i.e., ^I^tion caas« mffioS 
0 became Hxed for the IU> type before the /est of the^J^e 
lsft:nyconvette_d(Tablc3;Ho.pi,aictal.,I992)^i^^^ 
was most prominrni « ihe largar populations, whert> a hiirhBr 
.elation mtizn^ty placed n;ore sdechon pr«.urc ^pon 3^ 
miMccr locu Accnrdingly, it is of inlcreat to cootiir how 
clofie y the esumauon of %RP based on markers reflc.tj tiie 
acaial genome cm^poridon. The combinailon of cstlmadon of 
ftRP based on fewer nwkers and subsequent seltictjon tends t^s 
bias the estimates upward (compare Tables 2 and 3). 

The resulis from cbe simulation compare well with real fidd 

data.lnatypicalexaiDplc,5QPC,plant5C«Tyihgthe^ncbejn£ 
tnmaferred were geno^ypcd at S3 pofymotphlc RPLP loci (»,ote 
that this corrfijpoadi to a popu^tton siw of lOO unielected 
plants in Tablea 2 and 3). The five beat BC. rocovcriej had 
ciamated 9bRP nlues of 85.9%, 82.796, g2.b%, 81,47*, anO 
8 1 .2%. After evaluating 10 BC, plants ttrm each adectod BC 
Oie bcsl BCj recov«y had an estimated of 94.6%. ' 

Diacusaian 

The simulations (Tabic 2; Hospital al., ISJp^) and Our 
experience ijjdicaEc ihal four markers per 200-cM chromoiome 
U adequate to grraily incrcrve the effectiveness of aelcction in 
thfi BC,. However, using only four markers per 200 cM will 
hkcly make it very difficult to map the location of thp gww of 
interest, Adequate surnmBrlzatJ on of the data i£ an rmportant 
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Table 5. cuBOfei qfp^rcttu naurem jMrrni cmfK, hujtd 
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• ^ Of a marlccf-assjs ted backcnjsa proftnim. Ideally, the mark- 
t:^ used caa supply data that can be reprcacnted as ■Ilelra oHoct 
with known map position. tj;tjmatiofi of %RP, mappit>i the 
poiiiion of the locu4 of intercut, and p^hlcAl display of the 
rtiulti (Youn^ and Taatelcy, 1989) arc ill usvful in under- 
uwdrng and controliins Ui« specific backcrou cxixirimcnc 
beiJig conducted. 

It aigjtfrars ihit, with chc us* of fic^tic markcri, the poru'on 
. of the RP jjcnoTTie that Is ffcot linked to the at)«l9 being tians- 
featd can be Tocovcred quickly and with confidence. The 
ffcovery of Rp will be jIo wor on tbc chroniDiomtt canyio^ the 
;.^no of intcrsst, A considerable amount of linkage dra^ is 
expected to aecofnpaoy ielectioa fo/ the bp allele in a bacic- 
. 1^055 program. For a locus located in die muidlc of a 200<M 
chfomoiomc^ ihc length of dw DP chromosome seemenl ftc- 
, companyijig ^cJccdoa \$ expect^ to be l26. 63, and 28 cM In 
■ die BC , BCy and BC^ ^neradons, rcspecUvcly (Haiuon. 
' J&59;Navc;ruaDdBarb8djlla. \991). Our observations luppoft 
tUferecommexidation of Hospital et al. (1992) tbatpreCercncB be 
given to the selecQoa for recomhinanis proxiinal to che allele of 
; iflccresv Inir that election for wovcry of die RP elsewhere In 
(be genoinc alio be cottsidcredL Thi» two-stage Selech'oa tan 
probably be dore quite effectively ad hoc by the breeder once 
the daia is adequately summarized; howevw, Hoxpital ct al. 



_tU8£est wayj CO Incorporate ih* two criieria Into a selection 
index juch thai each Compohtntof salection 1« ai^urcd ftDora- 

Useof genetic markers can greatly increase the effeciivctwsfi 
of bttckonsfing^ find Lhey should be tiaMi in any acrious back- 
croMing prtsgnm if rejogrces are ftYaHabTe w UlC hfcedef, 

Litcrahjrt Cli^ 

^^rijr jSW Principles of plant breeding. Wiley. N*w Yftrtc 
F€fu^W.F, J997. Prwdpl** QfcultivvdcvcbprncnL' v.i, ThCDry and 
technique MacraUlan. New York, ^ 

;fa«^ *''A^*^^^^yStwa^fooafuly^1$often^thofh€tt^x^^ 

chromoKJinc jecmcnli. eroond a tocm held Jicterticyeoas with 

bacfccioMlnc or sdfinc. Cctteto 44:843-^47 
ffa^Ti'tot C OievnUt, mtP, MuUanu l$$2. Using market* In 

gcae inlrogfwsion breeding prpp^Tnj, Gcr^c* 132:1199-1210 
Rii^k^, EJi and IC Sml Moving eorfl-bdt icnnplaim 

northwanL Ann, Hybrd Coni Indusoy Cocf. 16-^^-56 
SHavet, O.L 1976, ConvefiiOM ftsr taftiness in maize inbred*. Maize 

Ocnei. Coop. Nv^allr. 50:20-23. 
Kpwn^. //,£). drtrf 5.a ni/Ori^y. /?55^. Rewnoion fragmcDC lengift 

polymoiphisfn map t and rtia concopi of grapWcaZ Moocyoei. Thco 

Applied CifML 77: 95-101, /t"=^ » ceo. 



_£A/vi/yjfj a/ MoieeuUxr Markmr Paid 



43 



Received from < 515 334 6883 > at 4/22/03 1 1:02:32 AM [Eastern Daylight Time] 



